ABSTRACT In the present study, 2 experiments were conducted to investigate the effect of replacing a mash diet with a pellet diet on the expression of genes related to appetite in the hypothalamus and gastrointestinal tract (GT) and to evaluate the attenuating effect of feed habituation on the disadvantage influence on feed consumption. In experiment 1, the mash diet of one group of 21-day-old chicks was replaced with a pellet diet (PD) with the same ingredient composition, while the other group of chicks was continued on the mash diet (control). In experiment 2, all the experimental chickens were divided into 3 treatments at 18 d of age. One treatment of birds was provided with feeders with pellet feed scattered on the surface of the mash diet (around one-third of feeder surface, MP) from d 18 to d 20, and they were provided with the PD on d 21. The other 2 treatments of chickens were either fed with the PD (PDF) or continued the mash diet (control) at 21 d of age. The results showed that replacing a mash diet with a PD decreased (P < 0.05) feed consumption. The intestinal morphology was not influenced (P > 0.05). The mRNA levels of cholecystokinin (CCK) in the jejunum were upregulated (P < 0.05) in the PD chickens. The expression of anorexia gene ghrelin, corticotropin-releasing hormone (CRH), and melanocortin receptor 4 (MCR-4) were significantly down-regulated (P < 0.05) in the hypothalamus of the MP and PDF chickens 4 h after feed replacement. The results indicated that feed replacement altered the expression of genes related to appetite in the GT and hypothalamus. Pellet changeover causes a short-term decrease in the feed intake of broilers, and feed habituation relieves the negative effects of feed replacement.
INTRODUCTION
Feeding a pellet diet (PD) increases weight gain and feed intake and improves the feed: gain ratio compared with feeding mash diets (Amerah et al., 2007; Serrano et al., 2013) . The change of the digestive tract is one of the bird performance factors that PD feeding can improve. Feeding a PD changes the relative length and weight of the digestive tract (Amerah et al., 2007; Serrano et al., 2013) . Moreover, the diet form and particle size affect the mast cell number and histamine content in the small intestine by regulating the stem cell factor concentration (Liu et al., 2006) .
In commercial broiler production, phase diets are formulated throughout the growing cycle of broiler chickens according to the requirements of market targets (Brewer et al., 2012a,b,c) . A crumbled starter is commonly used in commercial broiler production (Choi et al., 1986) followed by pelleted grower and finisher di- ets. In practice, however, diet replacement of a mash or crumble starter with a pelleted grower diet results in the reduction of feed intake for a couple of d, which reduces the growth rate of chickens. In avian species, such as mammals, 2 primary populations of neurons in the hypothalamus are involved in appetite control by releasing signaling peptides, including orexigenic neuropeptides, such as neuropeptide Y (NPY) and agouti-related peptide (AgRP), and anorexigenic neuropeptides, such as pro-opiomelanocortin (POMC), amphetamineregulated transcript (CART), corticotropin-releasing hormone (CRH), and melanocortin receptor 4 (MC4-R) (Schwartz et al., 2000; Richards, 2003) . NPY can increase appetite in mammals and birds (Hahn et al., 1998; Boswell et al., 2002) . Our previous study indicated that NPY is associated with glucocorticoidinduced appetite in birds (Liu et al., 2014 (Liu et al., , 2017 . In contrast, CRH and CART play an inhibitory role in the regulation of feed intake in birds (Greenstein and Wood, 2006; Kaiya et al., 2009 ). The melanocortin system coordinates the maintenance of energy balance in mammals (Olszewski et al., 2007) and birds Boswell and Takeuchi, 2005) through the regulation of both food intake and energy expenditure.
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Furthermore, many neuropeptides related to appetite control are expressed in the gastrointestinal tract (GT), e.g., ghrelin and cholecystokinin (CCK) (Richards and Proszkowiec-Weglarz, 2007) . Unlike in mammals, ghrelin suppresses appetite by interacting with CRH in chickens (Saito et al., 2002 (Saito et al., , 2005 . CCK is a gut peptide that has long been established as a postprandial satiety signal and an appetite suppressant in avian species (Panchanathan et al., 2006) . CCK is also a potent inhibitor of gastric emptying of chickens (Martinez et al., 1993a) . Hence, we hypothesized that the expression levels of genes related to appetite control may be involved in the decreased feed consumption induced by feed replacement.
The changeover to pellets induces a transient reduction in feed intake (Lecuelle et al., 2010) . However, early visual experience cannot reduce the transient reduction in feed intake caused by changeover from crumbles to pellets in growing turkeys (Lecuelle et al., 2011) . Hence, whether the transitory suppression of feed intake due to feed replacement could be alleviated by food habituation remains to be elucidated.
Two experiments were conducted to investigate the effect of replacing a mash diet with PD on food habituation and the expression of genes related to appetite in the hypothalamus and GT. To avoid the possible influence of body weight on feed consumption, we used male broilers in our experiments. Moreover, as stress, particle size and diet form could affect the morphology of the small intestine (Liu et al., 2006; Santos et al., 2015) ; the intestinal morphology and the enzyme activity in the intestinal tissues were tested as well.
MATERIALS AND METHODS

Animals
One-day-old male broiler chicks (Arbor Acres) were obtained from a local hatchery (Dabao Breeding Ltd, Taian, P. R. China) and housed in an environmentally controlled room. The brooding temperature was maintained at 35
• C for the first 2 d and then was gradually decreased to 21
• C by d 21 and maintained as such thereafter. All chicks received a starter diet maintained at 21% crude protein and 12.3 MJ/kg of metabolizable energy (Zhao et al., 2012) . The composition and nutrient levels of the experimental diets (1 to 21 d) are listed in Suppl. Table 3 . Chickens were reared in floor pens (2 m × 2 m) using new rice hulls as litter. Each pen was equipped with tube feeders (the feeder space per bird was 2.5 cm) and a nipple waterline (12 birds per nipple). All birds had free access to food and water during the rearing period. The light regimen was 23 L:1 D (5 Lux), and the dark period was from 0:00 to 01:00 a.m. (Zhao et al., 2012) . The study was approved by the Ethics Committee of the Shandong Agricultural University and carried out in accordance with the "Guidelines for Experimental Animals" from the Ministry of Science and Technology (Beijing, P. R. China).
Experiment Design
Experiment 1 Two hundred chicks were randomly allotted according to the catching order to 2 groups with 4 replicates (pens) of 25 birds each. All the birds were fed with a mash diet until 20 d of age. At 21 d of age, one group of chicks was provided with a PD (4 mm, PD), while the other group of chicks was continued on the mash diet (control) at 8:00 a.m. The mash diet has the same ingredient composition and the same nutrient concentration (mentioned above) as the PD. Feed consumption was recorded every h for the initial 8 h and was thereafter recorded at 12, 24, 48, and 72 h by weighing the tube feeder. Throughout the experimental period, the health of the experimental birds was monitored, and the dead or culled birds, if any, were removed and weighed and omitted from the feed consumption calculation.
Experiment 2 Their hundred chicks were randomly allotted to 3 treatments with 4 replicates (pens) of 25 birds each. All the chickens were fed with a mash diet until 17 d of age. At 18 d of age (3 d before the normal changeover time), one treatment of birds was fed a mash diet covered with PD feed on the surface (around one-third of the feeder surface, MP) from d 18 to d 20. Starting at 8:00 a.m. (7 h after lights were turned on), the feeders were checked every 2 h to maintain the same amount of PD on the surface of the mash diet. On d 21, the chickens were provided with a PD (MP treatment) at 08:00 a.m. The other 2 treatments of chickens continued to be fed with a mash diet until 20 d old, and thereafter one group of chickens received a PD feeding (PDF) at 8:00 a.m., while another treatment of chickens continued to be fed with a mash diet (control). Feed consumption was recorded every 2 h for 24 hours.
According to the feed intake data, at 6, 12, and 24 h after treatment in experiment 1 and at 6 and 24 h after treatment in experiment 2, 2 broilers of approximately mean body weight were randomly collected from each replicate. Each of the selected broilers was gently caught by the same broiler keeper to avoid stress and disturbance to the other broilers. The broilers were brought to a separate sampling room. A blood sample was obtained by drawing from a wing vein using a heparinized syringe within 30 s after the bird was caught and collected in pre-cooled tubes. Plasma was obtained after centrifugation at 400 × g for 10 min at 4
• C to avoid the influence of blood cell metabolism and was stored at −20 • C for the analysis of corticosterone (CORT). Immediately after the blood sample was obtained, the chicken was sacrificed by exsanguination (Close, 1997) , and tissue samples were obtained. During sampling, the experimenters were divided into 2 or 3 groups to ensure that the birds from each treatment were sampled in the same time interval. Tissue samples of the proventriculus, duodenum, jejunum, and ileum were collected according to the descriptions by Awad et al. (2006) as follows: samples of the whole intestinal tract were removed, and segments of approximately 2 cm were taken from the crop near the esophageal junction, the midpoint of the proventriculus, the midpoint of the duodenum (duodenum), the midpoint between the bile duct entry and Meckel's diverticulum (jejunum), the proximal cecum, and the rectum. The hypothalamus was dissected from the ventral surface of the brain according to the method described in our previous studies (Liu et al., 2014 (Liu et al., , 2017 . In brief, 2 transverse cuts were made at the apex of the optic chiasm and the rostral margin of the mammillary bodies. Next, 2-mm bilateral cuts were made on either side of the midline, and the whole hypothalamus was removed according to the method described in Kuenzel and Masson (1988) and Yuan et al. (2009) . After being shock-frozen in liquid nitrogen, the tissue samples were stored at −80 • C for RNA extraction.
Histological Analysis
The duodenum and jejunum tissues were fixed in 4% paraformaldehyde (P1110-500 mL, Solarbio, Beijing, China), embedded in paraffin, and sectioned to a thickness of 4 μm. The paraffin sections were stained with hematoxylin and eosin. The villus height (VH) and crypt depth (CD) of the duodenum and jejunum were measured using an Image-Pro Plus as described by Touchette et al. (2002) , and then the VH: CD ratio (VCR) was calculated.
Measurement of CORT
Plasma CORT was measured using a sensitive and highly specific RIA kit (IDS Inc, Boldon, UK) with a sensitivity of 0.39 ng/mL and a low cross-reaction with aldosterone (0.20%), cortisol (0.40%), and deoxycorticosterone (3.30%). This approach has been used in a previous study (Malheiros et al., 2003) . Before the assay was conducted, the plasma samples were heated to 80
• C for 10 min to inactivate CORT-binding proteins. The intra-assay variability was 3.8%.
Measurement of Antioxidant Enzymes
The activities of superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH-Px) of the duodenum were measured spectrophotometrically with commercial diagnostic kits (Jiancheng Bioengineering Institute, Nanjing, P. R. China), and this approach has been successfully used in a previous poultry study (Huang et al., 2015) .
RNA Isolation and Analysis
The expression of genes in the hypothalamus, glandular stomach, duodenum, jejunum, and ileum was quantified using quantitative real-time polymerase chain reaction (qPCR) with SYBR Green I labeling (0,491,391,4001, Roche, Switzerland). Total RNA was isolated by the guanidinium isothiocyanate method with Trizol Reagent (15,596-026, Invitrogen, San Diego, CA). The quality of RNA after DNase treatment was tested by electrophoresis on an agarose gel, and the quantity of RNA was determined using a biophotometer (Eppendorf, Germany). Then, 1 μg of total RNA was used for reverse transcription with a PrimeScript RT reagent kit (0, 489, 703, 0001, Roche, Switzerland) to prepare the cDNA. The primer sequences are shown in Table 1 . Real-time PCR analysis was conducted using an Applied Biosystems 7500 Real-time PCR System (Applied Biosystems, Foster, CA). Each RT-reaction served as the template in a 20 μL PCR reaction volume containing 0.2 μmol/L of each primer and SYBR Green I labeling (0, 491, 391, 4001, Roche, Switzerland) . SYBR green fluorescence was detected at the end of each cycle to monitor the amount of PCR product. Real-time PCR was performed at 95
• C for 10 s, followed by 40 cycles at 95
• C for 5 s and 60
• C for 40 seconds. SYBR green fluorescence was detected at the end of each cycle to monitor the amount of PCR product. A standard curve was plotted to calculate the efficiency of the real-time PCR primers.
The relative amount of mRNA of a gene was calculated according to the method of Livak and Schmittgen (2001) . The mRNA levels of these genes were normalized to glyceraldehydes-3-phosphate dehydrogenase (GAPDH) levels (ΔCT). The ΔCT was calibrated against an average of the control chickens. The linear amount of target molecules relative to the calibrator was calculated by 2 −ΔΔCT . Therefore, all gene transcription results are reported as the n-fold difference relative to the calibrator. The specificity of the amplification product was verified by the standard curve and dissolution curve.
Statistical Analysis
Data are presented as the means ± standard error of the mean (SEM). The homogeneity and normal distribution plots of variances among the treatments were confirmed using Bartlett's test. For the feed intake variable, a one-way ANOVA model was used to estimate the main effect of feeding treatment on a per-pen basis (SAS version 8e, SAS Institute, 1998) . For the variables gene expression, enzymatic activity, and plasma corticosterone, a one-way ANOVA model was used to estimate the main effect of feeding treatment for individual broiler. For the data in experiment 2, when the main effect of the feeding treatment was significant, multiple comparisons were conducted by Duncan's multiple range analysis. P < 0.05 was considered statistically significant.
RESULTS
Experiment 1
The replacement of mash with a pelleted diet significantly decreased feed intake (P < 0.05) during the initial 5 h, and thereafter there was no significant difference between the PD and control group, though the trend was remained at 24 h (P > 0.05, Figure 1) . The mRNA expression of ghrelin in the proventriculus (Figure 2A ) was slightly increased in the PD treatment 6, 12, and 24 h after treatment compared to the control ones, and the difference was significant only 12 h after treatment. The mRNA level of CCK was not different between the PD treatment and control in the proventriculus or GT at 6 h ( Figure 2B) . A significant increase (P = 0.014) in CCK mRNA in the jejunum was found in our result 12 h after the PD treatment ( Figure 2C ), whereas no difference between PD treatment and control in CCK expression in the proventriculus and GT was observed at 24 h ( Figure 2D ).
The PD treatment had no significant influence (P > 0.05) on the VH, CD, or VCR in the duodenum and jejunum or the activities of SOD, CAT or GSH-Px in the duodenum after 24 h of feeding (Suppl. Table 1 , 2).
Experiment 2
Compared with the control, the PDF chickens consumed significantly (P < 0.05) less feed during the 24 h after the feed changeover (Figure 3 ). The MP chickens, however, consumed a similar amount of feed as the PDF chickens (P > 0.05) during the first 4 h after feed replacement and thereafter consumed significantly (P < 0.05) more feed than the PDF chickens, except at 12 h (P = 0.006). After 12 of h of treatment, there was no difference in feed consumption between the MP and the control group fed with the mash diet (P > 0.05).
Compared with that in the control group, the mRNA level of AgRP was significantly upregulated in MP chickens at 6 h after treatment ( Figure 4A ). In contrast, the mRNA expressions of ghrelin (P = 0.040), CRH (P = 0.003), and MC4-R (P = 0.004) were significantly down-regulated in both the PDF and MP chickens compared to the control ( Figure 4B ). There was no detectable difference (P > 0.05) between the PDF and MP groups in the gene expression of all the investigated genes. We further determined the transcriptional levels of CRH, MC4-R, and AgRP at 24 h, and the results showed clear changes at 6 h after treatment. The results showed that the AgRP mRNA level was lower in the PDF chickens compared with the control group (P = 0.054), whereas there was no difference between the MP and PDF or MP and control group chickens (P > 0.05). There was no difference in the expression of CRH (P = 0.670) or MC4-R (P = 0.116) among the 3 treatments ( Figure 4C) .
At 6 h, the mRNA level of ghrelin in the proventriculus was significantly increased (P = 0.012) in the PDF treatment group compared with either the control or MP chickens ( Figure 5A ). In contrast, no significant difference was detected at 24 h after treatment (P = 0.758, Figure 5B ).
Compared to the control, plasma concentrations of CORT were influenced by MP (+152.7%) or PDF treatment (+74.7%, Figure 6 ). However, this effect was not significant and exhibited a larger variance (MP, 23.7%; PD, 38.9%).
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Figure 2. Effect of pellet diet (PD) and mash diet (control) on the transcriptional levels of ghrelin (A) in proventriculus and cholecystokinin (CCK) in proventriculus and gastrointestinal tract (GT) of 21-day-old male broilers 6, 12, and 24 h after replacement of mash with pellets. Data were presented as the mean ± SEM (error bars, n = 6); * : P = 0.014 (F 1,10 = 9.91).
Figure 3. Effect of replacing mash diet (control) with pellet diet with (MP) or without (PDF) a 3-day habituation period on cumulative feed intake after feed changeover of broilers from 2 to 24 h after treatment. Data were presented as the mean ± SEM (error bars, n = 4); a-c : 2 h: P < 0.0001 (F 2,9 = 101.29); 4 h: P < 0.0001 (F 2,9 = 77.71); 6 h: P < 0.0001 (F 2,9 = 57.66); 8 h: P < 0.0001 (F 2,9 = 30.45); 12 h: P = 0.006 (F 2,9 = 9.60); 24 h: P = 0.060 (F 2,9 = 3.91).
DISCUSSION
Gastrointestinal Appetite-Regulating Peptides Involved in the Suppressed Feed Intake Induced by Feed Replacement
Feeding a PD improves the growth performance and feed conversion ratio of broilers (Engberg et al., 2002; McKinney and Teeter, 2004; Svihus et al., 2004) . However, the diet replacement of a mash or a crumble starter with a pellet grower at 21 d of age usually causes decreased feed consumption, and in turn, impaired growth performance (Serrano et al., 2012) . In the present study, 2 experiments were conducted and indicated that the transition from a mash diet to a PD significantly decreased the feed consumption of broilers. As the dietary ingredients may influence the feed intake of broilers (Toghyani et al., 2016) , the same basal diet was used to prepare the mash and PD used in this study. Hence, the abrupt feed changeover seems to be at least partially responsible for the decreased feed consumption in PD feeding chickens.
(A) (B) (C) Figure 4 . Effect of replacing mash diet (control) with pellet diet with (MP) or without (PDF) a 3-day habituation period on the transcriptional levels of neuropeptide Y (NPY), pro-opiomelanocortin (POMC), cocaine-and amphetamine-regulated transcript (CART) and agouti-related peptide (AgRP) (A) at 6 h; ghrelin, corticotropin-releasing hormone (CRH) and melanocortin receptor 4 (MC4-R) (B) at 6 h; and CRH, MC4R and AgRP (C) at 24 h in hypothalamus of male broilers after feed changeover. Data were presented as the mean ± SEM (error bars, n = 6); * : 6 h: AgRP: P = 0.044 ( (A) (B) Figure 5 . Effect of replacing mash diet (control) with pellet diet with (MP) or without (PDF) a 3-day habituation period on the transcriptional level of ghrelin at 6 h (A) and 24 h (B) after feed changeover in proventriculus of broilers. Data were presented as the mean ± SEM (error bars, n = 6); * : 6 h: Ghrelin: MP vs. PDF: P = 0.020 (F 1,10 = 8.43), PDF vs. Control: P = 0.044 (F 1,10 = 5.30). Figure 6 . Effects of replacing mash diet (control) with (MF) or without (PDF) a 3-day habituation period on plasma concentrations of corticosterone (nmol/L) of broilers at 6 h after feed changeover. Data were presented as the means ± SEM (error bars, n = 6).
The decrease in feed intake following the transition from mash to pellets may be caused by the unfavorable physical stimulation of the GT. The particle size and diet form affect the mast cell number and histamine content in the small intestine (Liu et al., 2006) , suggesting that feed structure affects intestinal function in broiler chickens. Acute stress (feed withdrawal or heat stress) can cause changes in the intestinal epithelial structure and oxidative damage (Burkholder et al., 2008) . In experiment 1, we first investigated the morphology of the duodenum and jejunum at 24 h after feed replacement. In the present study, VH, CD, and VCR were not changed by feed replacement. In heat stress-challenged broilers, villus denudation and crypt damage were observed simultaneously with an increase in glutathione peroxidase activity and a decreased antioxidant capacity (Santos et al., 2015) . Hence, we further determined the activity of antioxidant enzymes. The unchanged SOD, CAT, and GSH-Px in the duodenum indicated that oxidative stress was not induced by feed replacement. Therefore, the result suggests that sudden replacement of a mash diet with PD had no direct harmful influence on intestinal morphology.
We further investigated the expression of genes related to appetite control in the GT. It is well known that there are ghrelin immuno-positive cells in the hypothalamus and GT of birds (Ahmed and Harvey, 2002; Wada et al., 2003; Neglia et al., 2004 Neglia et al., , 2005 Yamato et al., 2005) . Chicken ghrelin, a peptide with 26 amino acids, is predominantly expressed in the proventriculus and is absent in the gizzard . Contrary to the orectic effect in mammals, ghrelin functions as an anorexia factor in chicken. Both intracerebroventricular (i.c.v.) and peripheral injection of ghrelin inhibits feed intake in chicks Saito et al., 2002; Geelissen et al., 2005; Saito et al., 2005) and Japanese quail (Shousha et al., 2005) . In the present study, pellet-fed chickens had higher mRNA levels of ghrelin in the proventriculus at 12 h after feed replacement. This result coincided with the trend of reduced feed intake of PD chickens at 12 h after feed replacement. This result was also in line with previous results indicating that the ghrelin mRNA levels in the proventriculus were significantly increased by fasting (Chen et al., 2007; Kaiya et al., 2007) . Hence, the upregulated ghrelin expression seemed to be the result of reduced feed consumption. This speculation is supported by the observation that there was no detectable difference in ghrelin mRNA levels between the PD and control chickens at 24 h after feed replacement when the feed consumption was matched in PD chickens against the controls.
CCK was the first gut hormone found to reduce food intake in rats (Gibbs et al., 1973) . Intraperitoneal or i.c.v. injection of CCK decreased feed intake in chicks (Savory and Gentle, 1983; Tachibana et al., 2012) . Meanwhile, CCK is also known as a potent inhibitor of gastric emptying of chickens (Martinez et al., 1993a,b) . In the present study, the upregulation of CCK gene expression in the jejunum at 12 h in the PD chickens indicated that CCK may be involved in suppressed feed consumption due to PD feeding. In the modern line of broilers, the suppressive effect of CCK on appetite is weakened in the fast-growing strains of chickens compared to the relatively slow-growing strains of chickens (Dunn et al., 2013) . Hence, the present result also may imply that feed replacement potentially reduced feed consumption by suppressing gastric emptying.
Feed Habituation Attenuates the Reduced Feed Consumption Induced by Feed Replacement
In previous studies, the reduced feed intake by feed changeover from crumble to pellet could not be alleviated by early visual experience (Lecuelle et al., 2010 (Lecuelle et al., , 2011 . In this study, we hypothesized that the novel feeding type could alleviate the unfavorable effects caused by feed replacement. In the present study, MP chickens had a 3-day acclimation period, and the feeder was scattered with pellets over the surface of mash diet (approximately 30%) and kept as such for 3 days. The MP chickens consumed more feed than the PDF chickens after feed replacement; the difference between the treatments was significant only from 6 h onwards. Moreover, the cumulative feed consumption showed no significant difference between the MP and control chickens at 24 h after treatment. The results suggest that MP improves the consumption of a PD after feed replacement.
NPY is a very potent orexigenic peptide in mammals (Hanson and Dallman, 1995) and in birds (Kuenzel et al., 1987) . As an antagonist of MC4-R, AgRP plays a similar role as NPY in regulating appetite Boswell et al., 2002) . I.c.v. injection of AgRP attenuates the anorexigenic effect of the alphamelanocyte-stimulating hormone in neonatal broilers and layer-type chicks . In the present study, the expression of NPY was unaltered, and a significant increase in AgRP mRNA was found, which implies that the MP chickens have higher appetites compared with the control chickens. In contrast, there was no clear difference between the PDF and MP chickens in terms of NPY and AgRP gene expressions. The role of orexigenic genes in suppressed food consumption due to feed changeover needs to be investigated further.
CART plays an inhibitory role in the regulation of feed intake in birds when injected centrally (Tachibana et al., 2003) . The melanocortin system coordinates the maintenance of energy balance in mammals (Olszewski et al., 2007) and birds Boswell and Takeuchi, 2005) . In the present study, the gene expression of POMC and CART was not altered, while the expression of the ghrelin, CRH, and MC4-R genes was down-regulated in both the PDF and MP chickens compared with the control group, suggesting that anorexigenic genes are not associated with inhibited feed consumption. Moreover, although MP treatment improved pellet diet consumption, there was no detectable difference in the appetite-related genes between the MP and PDF chickens. The results indicate that a 3-day acclimation period to PD ameliorated feed consumption without significantly altering the expression of appetite-regulating genes, suggesting that hypothalamic appetite-related genes are not responsible for the suppressed feed consumption due to PD changeover.
Ghrelin has an anorexigenic effect when injected intracerebroventricularly (Saito et al., 2002) . In mammals, it has been suggested that the orexigenic effect of ghrelin is mediated via NPY/AgRP-containing neurons in the arcuate nucleus (ARC) of the hypothalamus (Luquet and Magnan, 2009 ). In birds, however, centrally injected ghrelin inhibits feed intake by interacting with the endogenous CRH (Saito et al., 2005) . In the present study, there was a similar trend in the expression of CRH and ghrelin in the hypothalamus, both of which were down-regulated in the MP and PDF chickens at 6 h after treatment compared with the control group, suggesting their coincident influences on the appetites of PDF and MP chickens.
Thereafter, we investigated the gene expression in the GT. In contrast to that in the hypothalamus, the upregulated expression of ghrelin in the proventriculus of the PDF chickens at 6 h after treatment was in line with the result in experiment 1, indicating the relative starvation in PDF chickens compared with the MP and control chickens. This effect was not observed at 24 h, although the PDF chickens still consumed less feed compared to the MP and control chickens. Taken together, the results suggest that appetite-related genes play a less important role in suppressed food consumption due to feed replacement.
We further determined the circulating CORT level. The unaffected CORT level in the PDF and MP chickens compared to the controls may indicate that feed replacement cannot evoke a significant stress response. The elevated secretion of CORT can trigger behavioral responses, and there is a clear glucocorticoid response when Japanese quail are subjected to the presentation of a novel object (Richard et al., 2008 ). In contrast, novel objects cause no significant glucocorticoid response in European starlings (Apfelbeck and Raess, 2008) . The relationship between physiological stress response and behavioral response to novelty is a complex network (Lendvai et al., 2011) . However, when the novel object was placed over the food dishes, birds approached their dishes more slowly once exposed to a novel object, even though a stress response was not evoked (Fischer et al., 2016) .
In summary, the results indicated that feed replacement transitorily suppressed the anorexigenic genes ghrelin, CRH, and MC4-R in the hypothalamus and upregulated ghrelin expression in the proventriculus. Pellet changeover causes a short-term decrease in feed intake, and feed habituation facilitates a dietary change from mash to pellets.
SUPPLEMENTARY DATA
Supplementary data are available at Poultry Science online.
Suppl. Table 1 . Effect of pellet diet (PD) and mash diet (control) on the villus height (VH), crypt depth (CD), and VH: CD ratio (VCR) in the duodenum and jejunum of 21-day-old male broilers 24 h after replacement of mash with pellets.
Suppl. Table 2 . Effects of pellet diet (PD) and mash diet (control) on duodenum enzyme activity of superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH-PX) of male broilers 24 h after treatment.
Suppl. Table 3 . The composition and nutrient levels of the experimental diets (1 to 21 d).
